We present in this paper a novel method for fitting trapping regions for a Spiral Chua's attractor. For the values: σ 0 = −0.465716 . . ., γ 0 = 0.0932544 . . ., k = 0.3279262 . . . , σ 1 = 0.4152731 . . . , γ 1 = −0.3446764 . . . of the parameters, the iterates of the attractor belong to two trapping regions P 1 and P 3 we construct with this method based uniquely on the isochronic lines. Both P 1 and P 3 are bounded accurately with more than 450 segments of isochronic lines. We show graphically that the inclusions π(P 1 ) ⊂ P 3 , π(P 3 ) ⊂ P 1 hold. The traps for the half-Poincaré map π 0 have to be constructed.
1. Introduction
Chua's circuit
We consider Chua's circuit governed by the equations:
where V ci , (i = 1, 2), and i L are respectively the voltages across the capacitors C i , (i = 1, 2), and the current through the inductor L. g(·) is the voltage current characteristic of the nonlinear resistor. See Fig. 1 . For more details on the circuit see [Chua et al., 1986; Wu, 1987; Kennedy, 1992; Dedieu, 1993; Madan, 1993] .
Equations (1) are transformed to a third-order autonomous differential equation whose dimensionless form is: via the rescaling
LG 2 . [Lozi & Ushiki, 1991] .
For the following choice of the parameters which govern the system (2): α = −6.800 , β = −1.520 , m 0 = − 1 7 , m 1 = 2 7
corresponding to the normalized eigenvalue parameters: This Chua's system exhibits a strange attractor, precisely a Spiral Chua's attractor, the cross-section of which with the plane U * 1 (the Poincaré section map) presents four components A i , (i = 1, 2, 3, 4). (Figures 2 and 3.) 
Fitted trapping regions
Our aim in this paper is to build a sufficiently sharp trap of the solutions which is useful and appropriate to deepen the application of the theory of Confinors to the Double Scroll system. See Appendix B [Lozi & Ushiki, 1991 , 1993 .
The main result of this paper is the construction in T of both the components P 1 and P 3 of the trap satisfying the inclusions:
A 1 ⊂ P 1 and A 3 ⊂ P 3 π(P 1 ) ⊂ P 3 and π(P 3 ) ⊂ P 1 See Fig. 4 . The boundaries of P 1 and P 3 are composed of approximatively 450 segments of isochronic lines (see Appendix A). The particularity of the method is that the tools used are exclusively the isochronic lines. This fact is precisely the reason for our interest on confinors, which are based on the symbolic dynamic of intervals. In the simplest case, the quotient of the time spent to go from one point to another point by the necessary time spent to do an exact "turn" around the axis of rotational symmetry of the linear part of the vector field, may be interpreted as an estimate of the number of "turns" around the axis.
The time needed to go from a point on some set to another set is bounded by:
The symbolic dynamics can be described as:
and
The Fitting Method

Background
In order to analyze the qualitative behavior in the Chua's system (1) and provide a rigorous proof that this system is chaotic, Chua [Chua et al., 1986] used Poincaré maps with U 1 and U −1 as cross-section planes and showed that the triangular region AEB (called T ) of the plane U 1 (respectively the symmetric triangular region A − E − B − of the plane U [Lozi & Ushiki, 1991] for all the equations and formulae of the linear change of coordinates Ψ 0 and Ψ 1 ). Any trajectory originating inside the region ∆A 0 E 0 B 0 must move down initially and toward V 0 . Hence it defines the map: [Chua et al., 1986] .
via the obvious image:
ϕ τ 0 (X ) denotes the flow (in D 0 ) from X to the first return point where the trajectory first intersects V 0 at some time τ ≥ 0, with:
On the other hand, any trajectory originating from a point in the infinite wedge ∠A 0 E 0 B 0 to the right of (A 0 E 0 ) must move downward and eventually intersect V − 0 . It defines the map: 
One can define the half-map π 1 in D 1
ϕ θ 1 (X) denotes the flow from X to the first return point where the trajectory first intersects V 1 at some reverse time θ < 0, and
Poincaré map π
Let C be the connection map that links both reference frames of D 0 and D 1 :
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Definition 2 (Poincaré map π). The Poincaré map is defined by:
by the formal expression:
On one hand, it is not easy to handle this expression directly, and on the other hand it is not more convenient than to obtain the coordinates of the return point of the half-maps π 0 and π 1 . Indeed both ways require solving transcendental equations. For a solution starting from
is determined if and only if one finds the smallest t > 0 satisfying the transcendental equation:
So instead of solving this type of equations we consider the inverse problem: given t * , our goal is to determine the set of initial conditions (x 0 ,ỹ 0 ,z 0 ) such that t * = t(x 0 ,ỹ 0 ,z 0 ).
Description of the method
To simplify and reduce the statement of our method we call the four components A i (i = 1, . . . , 4) of the attractor simply as "components" (Fig. 3) .
We construct in the basin of attraction of each "component" A i a trap, P i (i = 1, . . . , 4). Each P i contains the "component" A i and attracts the trajectories of the flow of the system. Moreover, the four traps allow us to describe the circulation of the trajectories according to the iterations of the Poincaré map depicted below:
or, equivalently, by the diagram shown in Fig. 6 .
To establish graphically and then prove analytically the previous inclusions, the distinguishing properties of the isochronic lines provide us with the best tractable tools to use for the construction of the boundaries of the traps. 2.2.1. The standard system of coordinates.
Formal representation
As we have to compare points belonging to the region A 0 E 0 B 0 (respectively A 1 E 1 B 1 ) in the (x , y , z ) (respectively (x, y, z)) coordinate system in D 0 (respectively in D 1 ) it is more convenient to use a fixed triangular region of the plane U * 1 :
in a new system of coordinates (ξ, η, ζ) ∈ R 3 . The explicit formula of the affine transformations Φ 0 : D 0 → U * 1 and Φ 1 : D 1 → U * 1 are summarized in [Lozi & Ushiki, 1991] .
To simplify the schematic representation of the geometrical structures of the traps P i , we will represent the isochronic lines for π 0 , denoted by T k i for P 1 , and T m i for P 3 , (respectively the isochronic lines for π 1 denoted by D h i ) as parallel lines (in the Euclidean sense) to Oη (respectively to Oξ). See Fig. 7(b) .
Construction of P 1 and P 3
Each T k i (respectively T m i ) is defined by the abscissa of the intersection point with the axis Oξ: corresponds to θ h i :
denotes the flow from M to the first return point where the trajectory first intersects V 1 at the reverse time −θ < 0, with:
It is helpful to label the successive extremities of the "segment boundaries" of P i by successive natural numbers (see Figs. 8 and 9) for a formal representation of the traps P 1 and P 3 . Tables 1-2 give the localization of the principal points of the boundaries of P 1 and P 3 (i.e. the extremities of the segments (of isochronic lines) constituting the boundaries of P 1 and P 3 ). Table 4 gives the values of θ h i corresponding to D h i .
For a segment [N, N + 1] belonging to both the boundary of P i and an isochronic line for π 1 , we have T k i and T k j (i < j) two isochronic lines for π 0 passing respectively by N and N + 1, and thus defining on Oξ a segment [ξ k j , ξ k i ]. See Fig. 7 .
We consider [ξ k j , ξ 
The explicit formula of F 1 , G 1 and H 1 are given in Appendix A (Sec. A.2). See Fig. 10 for a graphical representation.
Similarly, for a segment [N + 1, N + 2] belonging to both the boundary of P i and an isochronic line for π 0 , we have D hp and D hq (p < q), the isochronic line for π 1 passing respectively by N + 1 and N + 2 and defining on Oη a segment [θ hp , θ q ]. See Fig. 7 .
We consider [θ hp ,
For all intersection points of the subdivision we also compute the images by π 0 and then by π 1 .
is on a curve defined by:
For the explicit formula of F 0 , G 0 and H 0 see Appendix A (Sec. A.2). A graphical representation of these curves is given by Fig. 11 . 
Motivation of Choices
Chua's parameters
Chua's parameter values have been chosen intentionally to obtain a Spiral Chua's attractor. Since it has been confirmed that the Double Scroll Chua's attractor is born via the merging of two existing spiral Chua's attractors when varying the bifurcation parameter value, the construction and the decomposition of the confinor for the spiral attractor could certainly be useful for the ones of the Double Scroll attractor. We also note that the presence of four components in the cross-section of this attractor is worthy of interest, more than the case of two components.
Configuration of the traps
In the construction of the traps we tried initially to define the boundaries of each P i with a minimum of isochronic lines, but the inclusions (π(P 3 ) ⊂ P 1 and π(P 1 ) ⊂ P 3 ) had not been satisfied at least graphically. Moreover, the different tests of this step have brought an indirect or a partial answer to the question of whether it is plausible to obtain a confinor with only two components (one in T and the other in S 0 ). It appeared that it was not possible to trap the images by the successive applications of the Poincaré map π of the points belonging to the region, R, situated between P 1 and P 3 . As n increases, π 2n (R) (respectively π 2n+1 (R)) moves nearer to EB (respectively AB). See Fig. 12 . Fig. 12 . Representation of successive applications of Poincaré map to the region R, which is situated between the traps P1 and P3 and limited by isochronic lines for π0 (T1 and T2) and isochronic lines for π1 (D1 and D2).
In a forthcoming paper the determination of the traps P 2 and P 4 will complete our construction. Based upon these results we conjecture that the decomposition of each P i in "single" or "basic" element (each "element" has at most four isochronic lines as boundaries) and a deeper study of the successive images by π of these elements will succeed in a better description via symbolic dynamics of the organized confinors of the Double Scroll Chua's attractor. with
Their images by π 1 are also isochronic lines in the triangular region T :
Under the hypothesis of the preceding statement, the mapping π 0 is continuous on T − {AE ∪ FB} and π 0 is one-to-one. But the situation that arises in our system is when S ∩ {T − FB} = φ, as shown in Fig. 13 . This fact shows that there exist interior points of T belonging to more than one isochronic lines, and having virtual orbits which intersect the snake more than once.
A formal representation of this situation is shown in Fig. 14 We take care to consider only isochronic lines belonging to Ω 1 . Figure 15 (a) [respectively Fig. 15(a) ] shows graphical evidence of π(P 1 ) included in P 3 (respectively π(P 3 ) included in P 1 ).
A.2. Images by the Poincaré map π of isochronic lines
A.2.1. Isochronic lines for π 0
Given T k , an isochronic line for π 0 in D 0 unit and the corresponding time τ * (τ * fixed), the image by π of T k , in the reference frame (ξ, η, ζ), is the curve described by the following equation:
a 0(τ * ) and b 0(τ * ) are defined in Sec. A.1. The explicit formula of p 0 , p 1 , q 0 , q 1 , k 0 and k 1 are given in [Lozi & Ushiki, 1991] .
A.3. Isochronic lines for π 1
Given D h an isochronic line for π 1 in D 1 unit and the corresponding time θ * (θ * fixed), the image by π of D h , in the reference frame (ξ, η, ζ), is the curve described by the following equation: a 1(τ * ) and b 1(τ * ) are defined in Sec. A.1.
